The purpose of this study was to develop a test to assess the ability of persons with cochlear implants (CIs) to interpret musical signals. Up to this time, the main direction in outcomes studies of cochlear implantation has been in relation to speech recognition abilities. With improvement in CI hardware and processing strategies, there has been a growing interest in musical perception as a dimension that could improve greatly users' quality of life. The Appreciation of Music in Cochlear Implantees (AMICI) test was designed to measure the following abilities: discrimination of music versus noise; identification of musical instruments (from a closed set); identification of musical styles (from a closed set); and recognition of individual musical pieces (open set). The first phase of the study was test development and recording. The second phase entailed presentation of a large set of stimuli to normal listeners. Based on phase 2 findings, an item analysis was performed to eliminate stimuli that were confusing or resulted in high error rates in normals. In phase 3, hearing-impaired participants, using cochlear Implants, were assessed using the beta version of the AMICI test.
W hen cochlear implants (CIs) were first developed, an improvement in ability to detect a speech signal by a profoundly deaf individual was considered a triumph. Speech understanding for the early implantees was minimal, but the sounds served as a significant support to lipreading. The situation has evolved rapidly and radically. Development of speech processing strategies and improved internal and external hardware has led to outcomes that have exceeded previously anticipated communication abilities. ). With such improvements in speech recognition performance, other aspects of performance, including the appreciation of music, are becoming more important than previously thought. The field now acknowledges the value of musical perception to quality of life (McDermott, 2004) .
Gfeller and colleagues (Gfeller and Lansing 1991; Gfeller et al 1997 Gfeller et al , 2000 Gfeller et al , 2003 Gfeller et al , 2005 have pursued a line of research regarding the musical perception of CI users. Among their conclusions were the following: timbre measures were weakly correlated with speech perception measures; performance on a recognition and timbre test improved with training; and music was enjoyed more before implantation than after. These studies confirmed the difficulty of assessing musical perception and highlighted the need for a clinically relevant measure of musical recognition and performance.
Gfeller et al (2002) investigated the perception of timbre by implantees. Timbre, or tone quality, is a key element in differentiating among musical instruments. Normal listeners and implantees rated eight musical instruments. The implantees rated higherpitched instruments more favorably than stringed instruments. The authors found that timbre measures were weakly correlated with speech perception measures.
In a related study, Leal et al (2003) evaluated accuracy for pitch, timbre and rhythmic patterns, and song identification in a group of 24 Nucleus CI24 users. In their homogenous group of implantees, chiefly long-term (<10 years) deafened, they found that discrimination of pitch, rhythm, timbre, and identification of nursery songs were correlated to duration of deafness, duration of implantation, speech discrimination, and music perception skills. The authors reported on listener satisfaction: 38% of participants indicated they did not enjoy listening to music, 86% indicated that they listened less frequently after implantation. The escalating interest in musical perception accuracy and enjoyment is also reflected in publication of a variety of investigations utilizing synthesized signals (Koelsch et al, 2004; Kong et al, 2004) or alternative processing strategies to those currently implemented (Vandali et al, 2005 ; Laneau et al, 2006) in relation to musical tasks. As advanced processing strategies are introduced clinically, their impact on musical performance has become an assessment of interest (Buckler et al, 2006) . The preceding studies underline the complexity of musical perception assessment; it is clear that many dimensions, such as pitch, timbre, rhythmic perception, melody recognition, and listening satisfaction may be evaluated.
The purpose of the present study was to develop a clinical listening test that assesses various practical aspects of musical perception. The Appreciation of Music in Cochlear Implantees (AMICI) test assesses several facets: discrimination of music versus noise; identification of musical instruments from a list of choices; recognition of musical styles from a list of choices; and recognition of individual musical pieces. We were thus able to test the hypothesis that it is possible to develop a series of musical tasks of graded difficulty. Through the alpha version (containing items ultimately determined to be unnecessary), we obtained insight into the graded difficulty of the tasks in the four subtests. A shorter, more clinically appropriate form was the ultimate goal of this study.
METHOD

Study Design
In order to develop a measurement tool for perception of music, three study phases were planned. In Phase 1, AMICI test development (alpha version) and recording took place, as described below. During Phase 2, trials with normal-hearing participants were performed, followed by item analysis to eliminate items that had high error rates. Three forms of the beta version of the test were derived from the original longer version. Phase 3 is ongoing, entailing administration of the AMICI to hearing-impaired listeners and cochlear implantees. Some early Phase 3 findings are presented in this report. The following sections provide detail about test development and procedures.
Test Development: Alpha Version
The two senior authors generated a list of musical and noise selections in the following categories: Symphony) have been used in popular contexts or performed in modern styles, thus increasing their familiarity for the general population. Likewise, some "popular" selections (such as "White Christmas" sung by Bing Crosby) were considered so pervasive in our society that they were included in the "classical" version.
A full item list of the alpha version is in Appendix A. Recording of the four test sections was accomplished in a professional audio studio. Selections were taken from commercially produced music and noise compact discs. An alerting phrase, "Ready," was inserted prior to each stimulus. A calibration tone was inserted at the beginning of the recording. Recognizing that music is highly variable in intensity, effort was made to maintain a minimum intensity level within 10 dB of the calibration tone. Some items were repeated in different sections or within the same section.
Participants
The 34 normal-hearing individuals who participated in Phase 2 met the following criteria: hearing thresholds for octave frequencies between 250-8000 Hz at ≤25 dB HL bilaterally, no history of aural or neurologic disease, and English language proficiency. No minimal musical background or experience level was required. Mean age was 33.3 years (range, 22-60 years).
To demonstrate the feasibility of this test for the clinical application, a group of 11 hearing-impaired participants, CI users with ≥1 year experience, was also recruited for Phase 3. They were four men and seven women. CI participants used either Nucleus 24 Contour, or Advanced Bionics CII or 90K electrode, or Med-El Combi Plus, and the associated speech processors for each. Participant H9N did not complete Step 4 of the beta version, so the sample size is ten in the analysis of Step 4 only. See Table 1 for a complete description of the hearing-impaired sample. The average age was 57.4 years (range, 40-77 years). The group was mixed in terms of postlingual versus pre-/peri-lingual onset of severe or profound sensorineural hearing loss. Two participants' etiology of deafness was sudden hearing loss; two were attributed to Meniere's disease; two were autoimmune causes; and five were unknown.
Procedures
Participants were seated in an audiometric test suite, facing the speaker at 0°a zimuth, at a distance of 3-4 ft. The stimuli were played on a CD player and presented via a clinical audiometer Grason-Stadler GSI61 to calibrated speakers. The presentation level was 60 dB HL for the calibration tone. The participant held a set of written instructions for each test section, along with the foils that were used for the closed-set portions of the test (Appendix B). The same equipment, physical set-up of the suite, and instructions were used in Phase 2 (alpha version) and 3 (beta version). A verbal response was required for each stimulus in Steps 1 through 3. In Step 1, the patient was instructed to indicate whether the stimulus was a noise or music. For example, in item 28, the stimulus was 20 sec of water running, and the expected response was "Noise." In contrast, for item 3, the stimulus was 20 sec of "Syrinx" by Claude Debussy (flute solo), and the expected response was "Music."
For Step 2, identification of musical instruments, the participant held a list of the closed set of instruments and vocal stimuli (trumpet, piano, flute, drums/tympani, tuba, guitar, violin/strings, female vocal, and male vocal). The response for each item was drawn from the entire list of possibilities (selection with replacement). For example, item 4 was Aram Khachaturian's "Sabre Dance" and the expected response "Trumpet."
Step 3, identification of musical styles, was similar to Step 2, in that the participant was free to choose from any of the five stimuli (classical, Latin, country and western, jazz, rock and roll/popular) for each stimulus item (selection with replacement). Therefore, when presented with item 11, Buena Vista Social Club's "Dos Gardenias," the participant responded correctly, "Latin."
For Step 4, identification of musical pieces, either popular or classical excerpts, acceptable responses were naming the song, its composer, a context in which it was used (such as a movie or advertisement), or singing or humming the melody. Participants were permitted to self-select which version of Step 4 they wished to hear. Responses were recorded by the examiner on a score sheet. Thus, for item 54, the "William Tell Overture," the acceptable responses included "the William Tell Overture," Gioachino Rossini, The Lone Ranger theme, and singing along with or humming along with the melody.
RESULTS
T
he results of normal-hearing controls in Phase 2 are summarized in Table 2 . The mean percent correct was 99.8% for Step 1 (noise vs. music), 93.7% for Step 2 (identification of musical instruments), and 88.4% for Step 3 (identification of musical styles). For the popular version of Step 4 (identification of melodies), 29 participants performed at an average of 86.8% correct. Only five participants selected the classical listening task, and their mean performance was 73.7% correct.
Five errors on any single item were defined on a practical basis as a high error rate for normal listeners (15% of the sample).
Step 1 had only one error for the noise versus music task. Nine items in Step 2 were found to have a high error rate. In Step 3, ten items were found to have a high rate of error. Sixteen items were at a high error rate in the "popular" version of Step 4, whereas the entire "classical" option was selected so infrequently that it was not considered useful for further testing. These items were eliminated in constructing the beta version.
The beta version (Appendix C) consisted of three forms, A, B, and C, which are constructed with a total of 100 items each, as:
Step 1, 25 items; Step 2, 30 items; Step 3, 25 items; and Step 4, 20 items. A separate report (Cheng et al, 2007) provided testretest reliability and interform equivalence. Scores for the combinations of equivalent forms were highly correlated (Form A to B, r = 0.91; Form B to C, r = 0.92; Form C and A, r = 0.91). Phase 3, in which Form A of the beta test items was administered to CI users, is summarized in Table 3 . The CI users were able to complete the AMICI with the following mean scores for each section:
Step 1, 91.6%;
Step 2, 62.4%;
Step 3, 61.8%;
Step 4, 43.6%. Their mean overall or total score for the CI group was 67.4%, with a range of 48-89. Figures 1 through 4 illustrate the individual performance on AMICI steps. Figure 5 illustrates the total scores for each CI user.
DISCUSSION
T he development of a musical test for CI users, in which there is a stepwise, graded range of difficulty, was feasible, based on the present findings. AMICI results demonstrated that each step entailed a different challenge level and that difficulty increased as one proceeded through the test, though the present findings demonstrated that Steps 2 and 3 were close in difficulty in both the normal listeners and the present, limited CI user sample. With a small, heterogeneous group of CI users in the present sample, a few observations were made. First, the entire sample was able to perform the four steps of the AMICI tasks. None of the participants was confused by the tasks or unable to participate. Figure 1 reflects that the discrimination of music versus noise was an easy task for all but one participant (H9N), who performed at the chance level for this section. Despite the complaint that CI users may assert to their clinicians, music does not appear to sound the same as noise as determined by this task.
Performance by the CI sample on Steps 2 and 3 was quite variable. On Step 2, identification of instruments, the range of scores was from 30% (participant H9N) to 100%; that is, no one performed at chance level in
Step 2.
Step 3, identification of musical style, yielded performance ranging from 32% (participant H9N again) to 100%; in this section as well, performance for all CI users exceeded chance.
Step 4 presented the greatest challenge. For this step, the range of performance was from 5% to 65%. It is also noteworthy that the participants identified as pre-/peri-lingual (H1N, H4ABC, H7ABC), all fluent aural/oral communicators with aided residual hearing through at least childhood, were able to perform well above chance on each of the closed-set steps, and two of the three were able to identify one item each in Step 4. As the purpose of examining a CI user sample was to demonstrate that participants using CIs can perform the AMICI tasks, we do not draw larger conclusions here about the performance of CI users in general.
The four steps are intended to provide an insight into different aspects of music appreciation. The possible value of discussing the outcome of each step with the patient is that it may allow better understanding of the types of musical information being heard, so that a patient may grasp his or her strengths and weaknesses. Further, as a counseling tool in the context of altering maps to enhance music perception, AMICI may be useful to demonstrate how different strategies have an impact on outcomes.
The use of a test like the AMICI may have pitfalls. Most notably, there is likely a cultural specificity to the items selected (Spitzer and Mancuso, 2006). Familiarity with melodies may be affected by access, both on the basis of national origin as well as listening experience resulting from hearing loss or other factors. Thus, AMICI should probably be used with caution when the test participant is not originally from the United States or not part of the American cultural mainstream. Very early onset of deafness may effectively eliminate the ability to respond to Steps 2, 3, and 4 of this examination, although our pre-/peri-lingual participants were able to respond.
Another issue is that the ability to perform well on the AMICI does not imply musical satisfaction. The impact of alterations in processing strategies or specific characteristics that should be included in maps designed to enhance musical perceptual performance or satisfaction are major areas that remain important for additional exploration. Jazz Jazz band Bill Evans, "You and the night and the music"
Step 4 Step 1. DISCRIMINATION OF MUSIC VS. NOISE For this test, you will hear a voice say "Ready". Then you will hear sounds, either musical or everyday noises. Tell us whether you hearing MUSIC or NOISE.
Step 2. IDENTIFICATION OF MUSICAL INSTRUMENTS For this test, you will hear a voice say "Ready". Then, you will hear a short musical passage featuring one of the instruments or voices listed below. Tells us which of these instruments you hear:
Step 3. IDENTIFICATION OF MUSICAL STYLE For this test, you will hear a voice say "Ready". Then, you will hear a short musical passage featuring one of the musical styles below. Tell us which of these styles you hear:
Step 4. IDENTIFICATION OF MUSICAL PIECES For this test, you will hear a voice say "Ready". Then, you will hear a short musical passage featuring some familiar musical pieces. Tell us which piece of music you hear. You may identify the composer, the artist, a movie or TV show that used this piece, or you may hum along. 
